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Abstract Depending upon initial treatment, between 2
and 30% of patients with a displaced intra-articular calca-
neal fracture require a secondary arthrodesis. The aim of
this study was to investigate the effect of subtalar versus
triple arthrodesis on functional outcome. A total of 33
patients with 37 secondary arthrodeses (17 subtalar and 20
triple) with a median follow-up of 116 months were asked
to complete questionnaires regarding disease-speciﬁc
functional outcome (Maryland Foot Score, MFS), quality of
life (SF-36) and overall satisfaction with the treatment
(Visual Analogue Scale, VAS). Patient groups were com-
parable considering median age at fracture, initial treatment
(conservative or operative), time to arthrodesis, median
follow-up, and post-arthrodesis radiographic angles. The
MFS score was similar after subtalar versus triple arthro-
desis (59 vs. 56 points; P = 0.79). No statistically signiﬁ-
cant difference was found for the SF-36 (84 vs. 83 points;
P = 0.67) and the VAS (5 vs. 6; P = 0.21). Smoking was
statistically signiﬁcantly associated with a non-union
(v
2 = 6.60, P = 0.017). The current study suggests that
there is no signiﬁcant difference in functional outcome
between an in situ subtalar or triple arthrodesis as a salvage
technique for symptomatic arthrosis after an intra-articular
calcaneal fracture. Smoking is a risk factor for non-union.
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Introduction
There is a considerable body of literature on the treatment
of displaced intra-articular calcaneal fractures. Although
open reduction and internal ﬁxation (ORIF) is currently
used by most surgeons, approximately half of all patients
are managed conservatively or percutaneously [1].
Assessing the outcome by means of quality of life scores
such as Short-Form-36 (SF-36) or visual analogue scale
(VAS) revealed no apparent beneﬁt in functional outcome
of operative treatment over conservative treatment [2].
However, the need for a secondary arthrodesis is approxi-
mately 21–30% after initial conservative treatment versus
2–5% after operative treatment [2–4]. Currently, there is
insufﬁcient evidence whether patients requiring a late
subtalar arthrodesis after initial operative treatment do
better than those initially treated conservatively [5].
The late sequelae after an intra-articular calcaneal
fracture have been well described and include incongru-
ence and painful arthritis of the posterior talocalcaneal and
calcaneo-cuboid joints, arthroﬁbrosis with a stiff subtalar
joint, lateral impingement of the peroneal tendons and
ﬁbular abutment, impaired dorsiﬂexion of the ankle joint
and tibio-talar impingement, broadening of the calcaneus
with loss of height, hindfoot varus or valgus deformity,
subluxation of the Chopart joint, pes planus, neuropathies,
and a painful heel pad [4, 6, 7]. The predicament of a
painful old calcaneal fracture [8] has encouraged the
development of different salvage procedures. These are
based upon the four main indications for an arthrodesis: (1)
to achieve correction of the deformity, (2) relieve pain, (3)
stabilise the joints, and (4) improve functional outcome
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DOI 10.1007/s11751-010-0084-x[9–12]. Discussion remains whether these deformities
should be managed by subtalar in situ, triple, or bone-block
distraction arthrodesis. It also remains unclear whether a
secondary arthrodesis will result in improved outcome after
initial operative treatment, compared with initial conser-
vative treatment [5].
The objective of this study was to compare the outcome
as measured by disease-speciﬁc outcome measures and
generic quality of life scores after either secondary in situ
subtalar or triple arthrodesis for painful post-traumatic
arthritis and malunion following an intra-articular calca-
neal fracture, which may have been treated initially either
conservatively or operatively.
Patients and methods
At our institution, trauma and orthopaedic surgery are
separate specialities, and surgeons from both provide the
fracture care in trauma patients. Initial treatment for cal-
caneal fractures by the trauma surgeons tends to be oper-
ative (percutaneous or ORIF), whereas orthopaedic
surgeons generally prefer conservative treatment. Our
hospital acts as a tertiary referral centre for complex cases.
Conservative and ORIF methods are established treatment
modalities and are performed following standard proce-
dures, as described in the literature [2, 3, 13]. ORIF is
performed mainly outside our referring hospital, through
the extended lateral approach as advised by the AO. Fix-
ation is with various types of plates and screws, and no
external ﬁxation is utilised. The percutaneous treatment
follows the technique described by Forgon and Zadravecz,
with modiﬁcations previously described from this unit [14].
Brieﬂy, this method relies on distraction of the fracture
with realignment of the hindfoot, restoration of height,
width, varus/valgus malalignment, and gross incongruence
at the subtalar joint, utilising ligamentotaxis and sub-
sequent percutaneous screw ﬁxation [14].
The decision to perform a subtalar or triple arthrodesis
as salvage procedure is based upon patient history, physical
examination, pre-operative radiographs, and surgeon pre-
ference. Several patients were referred after various dif-
ferent treatment modalities or failed subtalar arthrodesis
after an intra-articular calcaneal fracture.
Patient selection
All electronic operation records between 1990 and 2005
were searched for subtalar or triple arthrodesis using the
appropriate operation codes. Three hundred and ﬁfty-four
records were identiﬁed and searched manually for the
operative indications, to select the patients with an arthro-
desis performed for the painful sequelae of an intra-articular
calcaneal fracture. Excluded were 150 congenital defor-
mities (e.g. clubfeet), 57 patients with rheumatic changes,
and 91 patients with secondary arthrosis not caused by a
calcaneal fracture (e.g. talar fractures, subtalar dislocation,
posteriortibialistendondysfunction).Aminimumfollow-up
of 2 years was speciﬁed, providing sufﬁcient time for
the arthrodesis to heal and for patients to adapt to the new
situation. All patients had suffered from persisting pain and
restrictionsindailyactivities,notrelievedwith conservative
measures (NSAID and shoe modiﬁcations), and had a posi-
tive, pain-relieving effect of a lidocaine injection into the
subtalar joint.
Operative technique
In all subtalar and triple arthrodeses, a lateral approach was
used in one of two ways: a curved Ollier incision over the
sinus tarsi or a longitudinal incision starting 1 cm caudal to
the tip of the distal ﬁbula towards the base of the fourth
metatarsal. An additional medial incision over the talona-
vicular joint was used on four occasions when a triple
arthrodesis was performed. The technique used for the in
situ fusion has been described previously [15–17]. The
need for bone grafting and internal ﬁxation was determined
during operation. Decompression of the lateral calcaneal
wall was performed where lateral impingement was evi-
dent after realignment of the hindfoot (N = 3) [18]. Fol-
low-up treatment consisted of 4–6 weeks in a non-weight
bearing below-knee cast followed by 4–6 weeks weight
bearing in a below-knee cast.
Non-union and complications
The numbers of infections and non-unions at the arthro-
desis site was determined by reviewing the charts and
radiographs of all patients.
Radiological evaluation
Bo ¨hlers and Gissane’s angle were determined from the
pre-operative radiographs of all patients. In the pre- and
post-arthrodesis radiographs, the following angles were
measured as previously described [19]: calcaneal incli-
nation, talar declination, and talocalcaneal angle. Pre-
arthrodesis CT scans or axial radiographs were classiﬁed
as described by Stephens and Sanders [20, 21]. This
classiﬁcation describes three types of malunion: in type 1
there is bulging of the lateral wall without subtalar
arthrosis; type 2 shows lateral wall exostosis and an
incongruent joint with subtalar arthrosis, without varus
malalignment; in type 3 there is lateral wall exostosis,
subtalar arthrosis and more than 10 degrees of hindfoot
varus [21].
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123Clinical evaluation
The study was approved by the local Medical Ethics
Committee. Clinical evaluation was by postal questionnaire
and reviewing all the patient records. All eligible patients
were sent a set of questionnaires, which included the SF-
36, a single question VAS and the Maryland Foot Score
(MFS) [22]. The MFS comprises 100 possible points and
allows for subjective assessment of the foot and ankle with
respect to pain, cosmesis, need for shoe modiﬁcations,
range of motion and general function, the latter including
walking distance, stability, need for support, limping,
climbing stairs, and difﬁculties on different terrains. The
MFS has previously been shown to be a reliable and valid
indicator for determining outcome after intra-articular
calcaneal fractures [23]. The SF-36 consists of 36 items
that assess health-related quality of life by means of eight
health domains: physical functioning (PF); role limitations
due to physical health (RP); bodily pain (BP); social
functioning (SF); vitality energy or fatigue (VT); general
health perceptions (GH); role limitations due to emotional
problems (RE); and general mental health (MH). The PF,
RP, and BP scales reﬂect the physical elements of health
(PCS); the SF, RE, and MH represent psychological
aspects; and VT and GH indicate the subjective perception
of health. Scores ranging from 0 to 100 points are derived
for each domain, with lower scores indicating poorer
function. These scores were converted to a norm-based
score and compared with the norms for the general popu-
lation of the United States (1998). In the US population,
each scale was scored to have the same average (50 points)
and the same standard deviation (10 points). Calculating
norm-based scores using the Dutch and US populations
provides similar results for the eight health domains.
However, the weighing factors for calculating PCS and
MCS for the Dutch population were not available; there-
fore, the US population was used as reference.
In addition to the retrieved data from the medical charts,
patients were asked for their weight and height (from this
data the BMI was calculated) and smoking behaviour as
these might affect union rates and outcome.
Statistical analysis
Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 12.0.1
(SPSS, Chicago, IL, USA). Functional outcome after sub-
talar arthrodesis versus triple arthrodesis was assessed
using the non-parametric Mann–Whitney U test. In addi-
tion, the inﬂuence of smoking on the rate of non-unions
was investigated using a Chi-square analysis. Associations
were considered statistically signiﬁcant with a P-value of
\0.05.
Results
A total of 56 patients with in total 61 arthrodeses, either in
situ subtalar or in situ triple, were identiﬁed during the ﬁrst
screening. Fourteen patients were excluded, as they had
moved and their current address could not be retrieved.
Questionnaires were sent to the remaining 42 patients of
whom 33 responded and were used for the analysis. The
median age at injury was 39 years (range 19–74), with 23
male and 10 female. In these patients 37 arthrodeses were
performed (16 right sided, 13 left sided, and four bilateral).
Twenty-four fractures were initially treated conservatively,
and 13 patients operatively (six ORIF, seven percutane-
ous). The median time between injury and arthrodesis was
29 months (range 9–456). There were 27 subtalar and ten
triple arthrodeses performed as the initial salvage proce-
dure. Ten patients, initially treated with a subtalar
arthrodesis, were completed to a triple arthrodesis, seven
because of a non-union at the subtalar joint and progressive
arthrosis at the Chopart joint, and in three because of
progressive arthrosis. Thus, at the time of follow-up there
were 17 subtalar and 20 triple arthrodeses.
An in situ arthrodesis was performed in all cases, and no
bone-block distraction or sliding-osteotomy techniques
were used. In 19 cases no internal ﬁxation was used,
whereas others were internally stabilised using staples
(N = 9) or cannulated screws (N = 9). Bone graft was
harvested from the iliac crest in eight cases, from the
proximal tibia in nine and from local sources in 8; in 12
cases no bone graft was used.
Pseudarthrosis and complications
A non-union was seen in one or more joints in 14 feet. In
one out of 10 initial triple arthrodeses, a non-union
occurred of the talonavicular and talocalcaneal joints. In 13
of 27 initial subtalar arthrodeses, a non-union of the talo-
calcaneal joint occurred. In the total population of 56
patients with 61 arthrodeses, a total of 18 non-unions
occurred (30%). Revision surgery was performed in these
cases, and three of these underwent a second revision
surgery due to a persistent non-union. Three superﬁcial
infections and one osteomyelitis were seen in four patients,
and screws or staples removed in nine.
Radiological results
Median pre-operative Bo ¨hlers and Gissanes angle for the
entire group was 5 degrees (P25–P75, 15–17) and 112
degrees (P25–P75, 105–125), respectively. Pre-operative
talocalcaneal, calcaneal inclination, and talar declination
angles were 19 (14–23), 20 (16–24), and 8 (5–13) degrees,
respectively. Most feet had some degree of varus (median 5
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were classiﬁed according to Stephens as 2 type 1, 29 type
2, 3 type 3, and 17 unknown). Post-operatively the talo-
calcaneal, calcaneal inclination, and talar declination
angles were 19 (14–25), 21 (18–25), and 8 (4–12) degrees,
respectively. Most feet were in the neutral position, except
for three that were still in 5 degrees or more of varus. There
were 24% missing values because of absence of radio-
graphs or speciﬁc views. In Table 1, the pre- and post-
operative data are grouped according to the ﬁnal type of
arthrodesis, subtalar, or triple. No statistically signiﬁcant
differences between the two groups were noted.
Clinical results and correlations with outcome
Patients in both groups were comparable for sex, age at
fracture, initial treatment, time to arthrodesis, follow-up,
and post-operative radiological angles (Table 1). There
were no statistically signiﬁcant differences in outcome, as
measured by the MFS, SF-36, and VAS (P = 0.79, 0.67,
and 0.21, respectively; see Table 1).
In the group of responders with a non-union (N = 9)
seven patients were smokers (78%), whereas only 5 out of
19 patients without a non-union (26%) were smokers
(P = 0.017). In the entire group of patients (N = 56
patients, with 61 arthrodeses), the correlation between
smoking and the occurrence of a non-union was also sig-
niﬁcant (P = 0.021).
Discussion
The aim of this study was to compare the functional out-
comes of an in situ subtalar or triple arthrodesis for the
painful sequelae of an intra-articular calcaneal fracture,
treated initially either conservatively or by means of
osteosynthesis (ORIF or by percutaneous ﬁxation using
screws or K-wires) with a minimum follow-up of 2 years.
No apparent statistically signiﬁcant correlation between the
type of arthrodesis and functional outcome was found,
using a disease-speciﬁc outcome score (MFS), a generic
quality of life scale (SF-36), and patient satisfaction (VAS)
as outcome measures. The overall results of treatment in
the questionnaires returned by thirty-three patients were
fair (56 points on the MFS). Separation of the SF-36 results
into the physical health and mental health components
clearly showed that the physical part of the SF-36 was
affected far more than the mental component by deviating
from the norm-based score of 50 [24]. Patients experience
signiﬁcant difﬁculty from a previously fractured calcaneus.
Table 1 Data of patients with a subtalar or triple arthrodesis at follow-up
Parameters Total Subtalar Triple P
Patients/feet (n) 33/37 16/17 17/20 –
Male (n) 23 10 13 0.46
b
Median age at fracture (year)
a 39 (32–45) 43 (31–54) 36 (32–44) 0.44
c
Initial treatment (C/O/P) 24/6/7 10/3/4 14/3/3 0.48
b
Time to arthrodesis (months)
a 29 (19–55) 27 (12–33) 42 (23–62) 0.69
c
Median follow-up (months)
a 116 (52–156) 110 (45–146) 127 (80–159) 0.16
c
Post-arthrodesis angles (degree)
a
Talocalcaneal 20 (16–27) 20 (14–28) 20 (16–26) 0.85
c
Calcaneal inclination 21 (18–24) 22 (18–26) 20 (18–24) 0.69
c
Talar declination 8 (6–12) 9 (7–13) 8 (6–11) 0.58
c
Varus/valgus 0 (0–3) 0 (0–4) 0 (-4–2) 0.29
c
Missing values (%) 24 21 25 0.43
b
Post-arthrodesis BMI
a 27.1 (25.6–29.3) 27.4 (24.6–28.3) 27.1 (25.7–31.1) 0.72
c
Outcome scores
a
MFS 56 (44–70) 59 (39–77) 56 (46–69) 0.79
c
SF-36 (Total) 83 (72–97) 84 (69–99) 83 (72–93) 0.67
c
SF-36 (PSC) 33 (26–46) 33 (26–47) 33 (25–42) 0.56
c
SF-36 (MSC) 52 (39–56) 52 (38–57) 52 (39–56) 0.97
c
Post-VAS 6 (4–7) 5 (4–8) 6 (5–7) 0.21
c
C initial conservative treatment, O initial treatment using ORIF, P initial percutaneous treatment, BMI body mass index, MFS Maryland foot
score, PSC physical score component, MSC mental score component, VAS visual analogue scale
a Data are presented as median with the P25 and P75 between brackets
Data were analysed using the
b v
2 and
c Mann–Whitney U-test. P-values below 0.05 were considered statistically signiﬁcant
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calcaneal fracture has not been described frequently in the
literature. Over 500 cases of in situ subtalar arthrodesis
performed after failed treatment of intra-articular calcaneal
fractures were identiﬁed in numerous studies (Table 2), in
contrast only 14 cases of secondary triple arthrodesis in
three studies were found as a salvage technique after cal-
caneal fractures (Table 3).
The results in this study compare negatively to the
literature as summarised in Table 2. One study applying
the MFS found an average score of 86 in 19 patients; [21]
and with the use of the American Orthopaedic Foot and
Ankle Society Hindfoot score (maximum of 94 points), an
outcome score between 63 and 83 points has previously
been found. All other studies classify patients into excel-
lent, good, or satisfactory groups, making comparisons
slightly more difﬁcult. Some studies reporting on the
results of arthrodesis present mixed populations with
acquired ﬂat feet (e.g. tibial tendon dysfunction), subtalar
dislocations, non-traumatic arthritis, and as sequelae of
calcaneal fractures. The results of arthrodesis after calca-
neal fractures have been reported to be inferior compared
to arthrodesis for other causes [17, 25].
The fact that the results were only fair might be attri-
buted to several factors. A rather high rate of non-union
was found in this study, which might be partially explained
by the high percentage of patients that smoked and a
relatively high rate of revision surgeries for previously
Table 2 Overview of the literature of in situ subtalar arthrodesis
Author (year) Patients (n)
[calcaneal #]
Average time between
fracture and arthrodesis (range)
Follow-up since
arthrodesis (range)
Union
rate (%)
AOFAS/other scoring
system (range)
Return to
work (%)
Conn (1935) [39] 39 [39] – – – 50–66% G –
Kalamchi (1977) [40] 6 [6] Range 6–12 m Range 1.5–3.5y 100 100% S 50
Johansson (1982) [38] 21 [23] av2.2y (1–5) 4.3y (2–9) 100 96% G ? S9 5
Russotti (1988) [41] 45 [17] 28 m 48 m 98 71% S 93
Mann (1988) [42] 9 [5] – 42 m (23–103) 100 89% G ? E–
Myerson (1993) [43] 15 [15] 22 m (10–49) 31 m (26–41) 100 77 (45–91) 87
Stephens (1996) [21] 19 [19] 35 m (2–194) 31 m (12–54) 100 86* (84% G ? E) –
Dahm (1998) [18] 24 [19] 4y (0.3–33) 4y (2–6) 96 68% G ? E8 8
Mann (1998) [17] 44 [12] 3.5y (1–13) 60 m (24–177) 100 83 –
Sammarco (1998) [16] 45 [13] – 22.6 m 93 82% S –
Chandler (1999) [32] 18 [19] 32 m (8–156) 27 m (12–62) 100 71 67
Thermann (1999) [5] 40 [40] 3.5y (0.25–20) 5.2y (2–11) 98 65/69** –
Easley (2000) [25] 152 [?] 17 m (4–126) 51 m (24–130) 85 70 –
Flemister (2000) [44] 49 [49] 28 m 50 m 96 75 61–71
Kolodziej (2001) [45] 9 [9] 25 m (6–60) 37 m 12–56) 100 63 (39–94) 83
Savva (2007) [28] 17 [17] 41 m (7–288) 79 m (48–94) – 78 (48–94) 94
Davies (2007) [15]9 6 [ ±67] – – 94 71% G*** –
Radnay (2009) [34] 69 23 m 63 m 92 74/87** –
This table shows the results from several studies concerning in situ subtalar arthrodesis. The number of patients and the number of calcaneal
fractures are given, the time between the injury and the arthrodesis, and the duration of follow-up with the main ﬁndings
E excellent, G good, S satisfactory, y years, m months
* MFS, ** scores for conservatively and operatively treated patients respectively, *** Angus-Cowell score
Table 3 Overview of the literature of secondary in situ triple arthrodesis
Author (year) Patients (n)
[calcaneal #]
Average time between fracture
and arthrodesis (range)
Follow-up since
arthrodesis (range)
Union
rate (%)
AOFAS/other scoring
system (range)
Return to
work (%)
Conn (1935) [39] 6 [6] – – – 83% G –
Myerson (1993) [43] 5 [5] 33 m (19–50) 34 m (26–44) – 51 (40–65)* 80
Kolodziej (2001) [45] 3 [3] 18 m (5–36) 88 m (63–112) 100 72 (50–94) 100
E excellent, G good, S satisfactory, y years, m months. * Modiﬁed AOFAS
This table shows the results from several studies concerning in situ triple arthrodesis. The number of patients and the number of calcaneal
fractures are given, the time between the injury and the arthrodesis, and the duration of follow-up with the main ﬁndings
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123failed subtalar arthrodeses. A correlation between impaired
healing of the arthrodesis and smoking has been demon-
strated in other studies [25–27]; there is also a relationship
between delayed healing and revision surgery, [25] and
with the amount of avascular subchondral bone at the
subtalar joint [25]. At our institute, no per-operative data
exist concerning the condition of the subtalar joint during
the procedure.
There might have been a negative selection bias, in
which more patients with persistent complaints returned the
questionnaire. In addition, particular details of the operative
technique might have been crucial in some cases: for
example, resection of the lateral wall [17, 20, 21, 28–32]
was not performed routinely at our institution (N = 2).
There was no delineated treatment protocol [30], and dif-
ferent methods of bone grafting and ﬁxation have been used
in the current study. To what extent these factors contri-
buted to less favourable results remains speculative.
There is discussion whether the initial treatment
modality inﬂuences the functional outcome after an
arthrodesis. Regardless of the type of arthrodesis, current
data revealed no statistically signiﬁcant difference in the
overall median MFS, VAS, and SF-36 after initial con-
servative treatment (55, 6, and 83, respectively) versus
initial operative treatment (64, 5, and 87, respectively; data
not shown). However, statistical power was insufﬁcient to
make a deﬁnitive statement. Thermann found an AOFAS
score of 69 points in the initially operated group (N = 17)
vs. 65 in the conservative group (N = 23), suggesting a
trend towards improved functional outcome after subtalar
arthrodesis included in the initial operative regime [5].
Others found no correlation with the initial treatment and
the arthrodesis at follow-up [32, 33]. A recent study
showed the clear beneﬁt of initial operative treatment
versus conservative treatment after a subtalar arthrodesis
using the Maryland Foot Score and the American Ortho-
paedic Foot Ankle Society Hindfoot score [34].
The 24% missing values in the radiological evaluation
was due to a difference in the follow-up protocol for the
trauma and orthopaedic surgeons. A lateral image of the
hindfoot was made in all cases; an anteroposterior image of
the ankle was made by the orthopaedic surgeons and an
axial image of the calcaneus by the trauma surgeons only.
Several authors have pointed out the importance of
performing a triple arthrodesis after failed treatment of
displaced intra-articular calcaneal fractures, e.g. Conn [35],
Harris [36], and Bankart [37]. And the need for a com-
parative study of subtalar versus triple arthrodesis had been
emphasised by Jahss in 1982 [38]. Despite the limitations
of this study, it is the ﬁrst to compare in situ subtalar and
triple arthrodesis after an intra-articular calcaneal fracture.
The data of the current study suggest that there is no sta-
tistically signiﬁcant difference in functional outcome
between secondary in situ subtalar or triple arthrodesis as
therapy for symptomatic arthrosis after an intra-articular
calcaneal fracture. Moreover, current data conﬁrmed that
smoking is a risk factor for non-union, as shown previously
[25–27]. A standardised treatment protocol (including the
surgical technique and follow-up strategy) might improve
the outcome and would enable the comparison of different
techniques.
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